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1 

. OBJECT 

An expedient mock up of the Hot Gas Flow System air 
circuit design per CCC Drawing Tb; 1900 was built and 
tested to determine the characteristics and configura- 
tion nec esary to meet the design objective of 50 

section. 

The acti n bf the novel impeller and the pressure loss 

interest . 

'feet per second air flow velocaty i n  the central test 6 
annular turning eection were of particular 
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I SUMMARY 

I 

*a 
1, I df '  

A i r  v e l o c i t i e s  i n  t h e  test s e c t i o n  and d i f f e r e n t i a l  
p re s su res  i n  va r ious  a reas  were measured w i t h  t he  
impel le r  r o t a t i n g  a t  the  maximum des ign  speed of 3000 
RPM. Veloci ty  measurements were also obta ined  a t  
several impeller speeds. 

The a i r  v e l o c i t y  profile ac ross  t h e  4.5 inch  diameter 
t es t  s e c t i o n  obta ined  w i t h  t w o  p i to t  t u b e s  spaced 90° 
a p a r t  shows t h a t ,  w h i l e  t h e  v e l o c i t 9  a t  t h e  c e n t e r  w a s  
g r e a t e r  than  50 FPS, t h e  profile is not  a s  f l a t  a s  
d e s i r e d ,  The reduced v e l o c i t i e s  on either s i d e  of t h e  
c e n t e r  are due t o  t h e  vena c o n t r a c t a  effect produced by. 
t h e  sharp edged en t r ance  from t h e  180° t u r n i n g  s e c t i o n .  

The mock-up is t o  be modified t o  inco rpora t e  curved 
t u r n i n g  vanes of d i f f e r e n t  r a d i i  i n  t h e  tu rn ing  s e c t i o n ,  
A l s o  an  inducer  a t  the  impel le r  en t rance ,  a d i f f u s e r  
a t  t h e  impeller e x i t - a n d  an en t r ance  s e c t i o n  i n t o  the  
test s e c t i o n  w i l l  b e - t r i e d .  I t  is a n t i c i p a t e d  t h a t  one 
or a combination of these modi f ica t ions  w i l l  produce a 
m o m  s a t i s f a c t o r y  ve loc i ty  p r o f i l e  and improve t h e  
e f f i c i e n c y  of t he  air flow c i r c u t t ,  
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RESULTS 

The maximum a i r  v e l o c i t i e s  measured were 66.0 and 58.5 
feet  per  second w i t h  t h e  l a rge  and small p i t o t  t u b e s  

v o l o a i t i e e  were obta ined  under s t a b l e  temperature  
cond i t ions  of 116.F w i t h  an impeller speed of 30111 R P W .  
The average v e l o c i t y  w i t h i n  t h e  measured zone (3.18 in. 
dia . )  of t h e  test s e c t i o n  was 45 and 42 feet per second. 
Rota t ion  of t h e  smal l  p i t o t  tube  i n d i c a t e d  there w a s  a 
smal l  r o t a r y  component of t h e  f l o w .  
v e l o c i t y  prof i les  shows t h a t  a s t a b i l i z e d  t u r b u l e n t  
v e l o c i t y  profile expected for an average Reynolds number 
of 78,600 has not  had t i m e  t o  develop. 
due to t h e  vena c o n t r a c t a  formed by t h e  s h a r p  edge 
en t r ance  f r o m  t h e  180° t u r n i n g  s e c t i o n  and t h e  short  , 
l ength  of t h e  c e n t r a l  flow test cy l inde r .  

Figure No.9 shows the-expected horsepower ve r sus  tempera- 
t u r e  r e l a t i o n s h i p  based on t h e  p resen t  test da ta .  
Improvements in t h e  impeller en t r ance  and e x i t . s e c t i o n  
as w e l l  as t h e  180 degree end t u r n  w i l l  reduce t h e  
loeses and thereby  reduce t h e  horsepower requirements.  

I r e s p e c t i v e l y  i n  t h e  center of t h e  f l o w  tes t  area. These 

The shape of the  

T h i s  effect is e 
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I . DESCRIPTION OF TEST 

The f l o w  test mock-up w a s  cons t ruc t ed  of sheet metal 
inne r  and o u t e r  c y l i n d e r s  and a c a s t  aluminum impel ler .  
The cross tubes ,  180° tu rn ing  s e c t i o n  and h e a t e r s  were 
made of wood. The impel le r  w a s  belt  d r iven  by a 1/4 
horsepower mechanical var iable .  speed d r ive .  The 
impel ler  speed was measured by a t w o  po le  tachometer 
mounted on t h e  d r iven  s h a f t  and connected t o  a 10 second 
g a t e  e l e c t r o n i c  counter .  

Two p i t o t  tubes  w e r e  mounted i n  t h e  i n n e r  test section 
c y l i n d e r  90° apart  t o  measure t h e  a i r  v e l o c i t y .  Refer 
t o  f i g u r e s  4, 5 and 6. 
r o t a r y  and a x i a l  movement. Ten s t a t i c  p r e s s u r e  measure- 
ment taps  w e r e  provided. Two of these p o i n t s  w e r e  
c e n t r a l l y  loca t ed  180' a p a r t  i n  t h e  tes t  f l o w  s e c t i o n '  
and together w i t h  t h e  s t a t i c  connect ion t o  t h e  p i t o t  
t ubes  permit ted s t a t i c  pressure measurements a t  f o u r  
p o s i t i o n s  90' a p a r t ;  Four s t a t i c  connect ions were 
provided approximately 2 inches  below t h e  impe l l e r  and 
2 inches  above t h e  180° t u r n i n g  s e c t i o n .  These e igh t  
t a p s  were placed i n  l i n e  w i t h  t h e  cross c y l i n d e r s  and 
90' t o  t h e  c y l i n d e r s .  Gage and d i f f e r e n t i a l  p re s su re  
measurements were made w i t h  i n c l i n e d  manometers calibrated 
in inches of w a t e r ,  The a i r  temperature was measured 
by  i n s e r t i n g  a d i a l  t y p e  b i -me ta l l i c  thermometer through 

t h e  t u r n i n g  s e c t i o n  end. , 

The impe l l e r  was first operated a t  t h e  maximum speed t o  
s t a b i l i z e  t h e  a i r  temperature a t  116OF. I t  was not  
possible t o  a t t a i n  3000 RPM u n t i l  the  a i r  had warmed up 
f r o m  room temperature  (approximately 72OF) because of 
t h e  power l i m i t a t i o n .  When s table  ope ra t ing  c o n d i t i o n s  
w e r e  ob ta ined  a i r  v e l o c i t y  measurements were made a t  t h e  
c e n t e r  and f i v e  equal  a rea  p o i n t s  i n  t he  i n s e r t i o n  direc- 
t i o n  and t w o  or three p o i n t s  i n  the  wi thd rawa l  d i r e c t i o n  
w i t h  each p i t o t  tube.  The t r a v e r s e  i n  t h e  wi thd rawa l  (-) 
d i r e c t i o n  w a s  l i m i t e d  because of t h e  bend radius of t he  

Veloc i ty  measurements were also made when 

The p i t o t  t ubes  w e r e  capable of. ' 

one of t h e  s t a t i c  t a p s  i n t o  t h e  annular  f l o w  a rea  a t  - _  

' pi to t .  tubes, 

. 



I . t h e  small p i t o t  tube w a s  rotated through angles up to 
20' to s nse s w i r l  or rotation of the ve loc i ty  vector, 

Differeneial  pressures were measured between the s t a t i c  
and total pressures of both p l t o t  tubes as w e l l  a s  
betreen.the o8rious static pressure taps,  
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- THEORY 

Formulas : 
._ -...- 

. i .  ( . .  .': ' . .  
. .  J . '  

A i r  HP Wa H ' a t d w '  - Yd - 
550 6600 

Q .-$N 1 

, 

I 

HP-P 
HP da 
, e - 100 ( A i r  Horsepower) 

' ' '  Brake Horsepower 

a .  

. 
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. Symbols: 

da 

d W  

P 
. --.. . 

R 

T 

*a 

H 

- A i r  density - lb.  per cu. f t ,  - Water density - 62.4 lb.  per CU. f t .  - Preuauro - lb. per oq. it. - Gas Constant - 53.3 it. - lb . .per  lb ,  OR - Absolute Temperature - O R  - 460 + OF - Average A i r  V e l o c i t y  - f t .  per sec, - Acceleration of Gravity - 32.17 f t .  per seci2 - Average Pressure induct-in. of water s 
. .  

- Flow Volume - cu. f t .  per see. - Area - *Sq. Ft.. 
- 

- Weight Flow of A i r  - lb. per secrG' - Tota l  Head - f t .  of a i r .  - Pressure a t  in l e t  - lhi per eqi f t e  - Pressure a t  o u t l e t  - lb. per sq. ft. - Velocity a t  i n l e t  - f t  . per  sec. 
, ,  

v2 - Velocity a t  o u t l e t  - it. per  sec. 

T - Torque - ft. - 1b. 

vt - Tangential component of absolute veloci ty  - f t .  
per sec. * 

r - radius  arm - f t .  

# N +: a Impeller speed - BPY , 
.i . d .  

. I  

b -9- 



D = Impeller diameter - ft. 
. .  

VO = Radial Velocity - ft. per sec. 
w - Angular Velocity - radions per sec. 

- _  c 
HP - Horsepower -, 550 ft - lb. per 8 8 ~ .  

Q - Mechanical Efficiency - 46 .. 
t 
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FIGURE 1 
F l o w  T e s t  Mock-up. 

P r e s s u r e  and V e l o c i t y  Gages i n  C e n t e r .  
R P M  Counter on R i g h t .  

FIGURE 2 
Flow ~ p s t  Mock-i_r~ with Impeller Removed. 

Both P i t o t  Tubes i n  P l a c e .  



FIGURE 3 
Cast Aluminum Impeller Stroboscope, 

Variable Speed Drive and Tachometer. 
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SECT/ON A - A  

FIG 4 
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CALCUIATZONS 

P - 29.40 in. Hg. - 14.44 psia 
T - 116'F - 576OR ._ . 

0.66 + 0.47 + 0.3 +0.205 + 0.17 + 0.39 + 0.24 + 0.182 
-8 

hVa 

hSa - 0.336 in. H20 (From Data-Small Pitot) 
4 

Va - 70.7 (0.58) - 41.0 f ps (Test Section) 
L Q 9 AVa - 15.904(41)'- 4.53 ftO3/sec. 

- -  

Wa I AVada - 4.53 (0.067) I 0.304 lb./sec. 
Xead Loss from 2 in, above 180' turn to test section 
area (a of T/c) 
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Velocity a t  #11,#12,#13 and #14 - V3 I vhAl 
' I  A 3  

I 

I I 

11 .025(144)  + (15.4)2 - (41)2 79.5 - 22.2 H2 I 127.7(0.067) 2(32.17) 

H2 +57.3 f t .  Air.. . .  ! 
A i r  bP - WaH - 0.304(57.3) - 0.0317 

5 5 6 -  

Vt2 - 3000 (4.5)  58.8 fps  
i ''_ ' 

r l  - 8.625 - 4.313 i n .  z 
4 .5  - 2.25 i n .  r 2 -  

rm Oo304 113(4.313) - 58.8(2.25) 32.17 
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- 3.38 i n .  - l b .  

H P - I 2  N - 2 (3000)'(3.38) = 0.161 
33,000 12 ( 3 3 , r n )  . ' 

4 

, 

- -  'e - 0.0317(100) 1.19.746 
-0.761-- 

HP d , -  P m -  - 0.179 8 14.7 ps ia  and 2OoC 
HP1 0.161 (14., 74.44 1z",.7 + -&z73) - : 

- 0.029 @ 14.7 ps ia  and 15OO'C 
I 

i 
HP2 j- 0.179 

I -- - - 0.029 @ 14.7 ps ia  and 1500°C 
I 

I 

HP4 ,- 0.179 

HP3 - 0.179 (%,I - - 5.05 6 400 p s i g  and 2OoC 

m4 - ().17g(414.7x293)- 0.825 8 400 ps ig  and 1 5 0 0 ° C  
14.7m - 

- - 9 .9  0 800 p s i g  and 2OoC 

. a 

, .' . me. =*0.179 (lwls) - 1.62 Qp 800 ps ig  and 1500'C 
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